Abstract. LNG plant requires a lot of energy for its production especially in liquefaction process. One of the reasons is due to inefficiency on some of its major equipments, particularly on Main Cryogenic Heat Exchanger (MCHE). The efficiency of this unit can be improved by the usage of Mixed Refrigerant (MR) which matches closely the heating curve between hot and cold stream. However, the study on this refrigerant is complex and tedious due to multi component refrigerant and phase changing process inside MCHE. In this study, effect of varying MR composition towards MCHE performance is analyzed, with focus on heat transfer coefficient in shell side of MCHE. The analysis was based on single and two phase flow conditions which are gas flow and liquid falling film flow. The adjustment of binary components in MR composition was studied for each flow regime. By doing this, the best composition adjustment that gives the highest value of heat transfer coefficient was determined. It was found that the adjustment of methane-propane (C 1 -C 3 ) is the best arrangement for both cases. However, it needs to be tested by applying this to actual process condition, in this case by implementing it in simulated LNG process.
Introduction
LNG is highly demanded for energy generation since it emits less hazardous gases compared to other fossil fuels [1] . Currently, it is expected that the production of LNG will increase by nearly 70% between 2002 and 2025. In meeting this demand, LNG producers are trying to increase their production within the existence facilities. However, increasing the LNG production means more energy is required especially for liquefaction process. It is reported that about 40% of total cost for base-load LNG plant is due to energy consumption in refrigeration cycle [2] . One of reason that leads to large energy usage is due to inefficiency on major equipments in liquefaction process, particularly on Main Cryogenic Heat Exchanger (MCHE). The application of mixed refrigerant (MR) is used as a preferable refrigerant in the process due to its effectiveness in meeting efficiency of MCHE, requiring less power per unit LNG produced [3, 4] . However, it requires extensive study in determining suitable composition of the mixture since each component contributes to different properties of the mixture. In addition, phase-changing processes ie. evaporation and condensation that occur inside MCHE need to be considered since it directly affects on heat transfer performance. Therefore, this research aims to improve the performance of MCHE by studying the effect of MR composition variation on heat transfer coefficient at different phase flow in shell side of MCHE by considering binary components adjustment in each component of MR.
Heat Transfer Coefficient in Shell Side of MCHE
A reliable and effective approach in improving MCHE performance is necessary especially in the perspective of operational point-of-view. This due to the proprietary issue and complex internal structure of SWHE [5, 6] which limited detail analysis of heat transfer inside the equipment. Despite this limitation, a correlation for heat transfer model is required with the purpose of estimating the value of heat transfer coefficient and it is done through laboratory-scale analysis of MCHE. There are several papers that proposed heat transfer model for shell side of MCHE but without involve experimental work [7, 8] and the most recent one by Pacio (2012) [9] that described multi-scale model of two-phase flow heat exchangers for different scales which are macro, meso and micro scales. However, Neeraas et al. [10, 11] have conducted the experimental analysis of heat transfer coefficient and pressure drop in shell side of MCHE for gas flow and liquid falling film flow. The correlations for heat transfer coefficient for gas flow was based on Gnielinski (1979) [12] and for liquid falling film flow based on Bays and Mcadam (1937) [13] and Bennet et al. (1986) [14] . The correlations were then verified against the experimental result and it was found that he result showed a good agreement between expected result from the correlations and experimental data, ensuring that the correlation may be used for further application.
Methodology
Different composition of MR will dictate its value of heat transfer coefficient, thus a suitable approach for determining heat transfer coefficient at various compositions is required. The correlations used as the basis in predicting heat transfer coefficient was based on the experimental done by Neeraas et al. [10, 11] for gas flow and liquid falling film flow. It requires suitable thermophysical properties such as heat capacity (C p ), viscosity (μ), thermal conductivity (k) and density (ρ) to determine heat transfer coefficient at various MR composition. In this case, process simulation software by ProMAX by Bryan Research and Engineering, Inc (BRE) was used to determine those properties. The application of ProMAX in this study is due to its function for updating data, to and from the Microsoft Excel spreadsheet for calculating the heat transfer coefficient conveniently. Although other process simulation software such as Aspen HYSYS has the similar capacity but the Excel spreadsheet-linked function is not readily available in this software.
The operating parameters such as temperature, pressure and mass flow rate were obtained from the experimental work by Neeraas et al. whereby those parameters will be the input to ProMAX via Excel spreadsheet. The output data generated by ProMAX will be sent into Excel spreadsheet for calculating heat transfer coefficient accordingly. Since the analysis focuses on determining effect of composition towards heat transfer coefficient, the operating parameters were set constant throughout the analysis. Another aspect that needs to be considered is in term of phase of the flow especially for the liquid falling film flow whereby the flow is considered in liquid falling film condition when it has more than 80% of liquid fraction in two-phase flow and all the thermophysical properties required for calculating heat transfer coefficient were obtained from the liquid flow in the two-phase flow. As the basis, the original condition of the flows in the experimental work was analyzed for verification purpose before it was subjected to various composition adjustments.
Another important aspect that needs to be considered is the method for adjusting MR composition. It is done by considering binary components adjustment in multi-component mixture. MR stream consists of six components such as methane (C 1 ), ethane (C 2 ), propane (C 3 ), isobutene (iC 4 ), n-butane (nC 4 ) and nitrogen (N 2 ). For simplification, for butane components (isobutene and n-butane), only isobutane will be considered in this study. Therefore, by considering the binary interaction, there will be ten set of composition adjustments that can be studied.
For varying the component in each set of composition adjustment, the increment and decrement of the components depends on the total summation of components subjected to the composition adjustment. For example, in the case of methane-ethane (C 1 -C 2 ) adjustment , the increment and decrement of C 1 is limited within the limit of the total summation for both C 1 and C 2 at the base case condition. By doing this, the C 2 will take any remaining value based on subtraction between total molar fraction of C 1 and C 2 with the specified C 1 . This adjustment can be observed in Table 1 : Table 1 . The adjustment of methane-ethane (C 1 -C 2 ) in MR composition C since all intercepted lines are at this position. The adjustment of isobutane in all component arrangements was omitted due to its insignificant impact on the variation of heat transfer coefficient. The molar percentage for each composition adjustment was set at light components such as methane, ethane and nitrogen respectively. The highest heat transfer coefficient was observed when methane was increased at C 1 -C 3 adjustment, followed by methane increment in C 1 -C 2 adjustment. On the other hand, the increment of nitrogen in C 1 -N 2 adjustment showed reduction in heat transfer coefficient. This is mainly due to the effect of composition variation on molecular weight of mixture, consequently on volumetric flow rate which can easily be understood from real gas equation. In the case of C 1 increment in C 1 -C 2 , it reduces molecular weight of the mixture thus increases the volumetric of the flow. As a consequence, it will affect further the density of the gas flow by reducing the density value, then decreasing Reynolds and Nusselt numbers which result in reduction of heat transfer coefficient. C in which all lines were intercepted at this point. The highest heat transfer coefficient was observed when methane was increased for C 1 -C 3 adjustment, followed by ethane increment in C 2 -C 3 adjustment. However, there is reducing trend when methane was increased in C 1 -C 2 adjustment and N 2 increment in C 2 -N 2 adjustment. This observation mainly is due to the influence of liquid film, δc (m) that exists at the surface of heat exchanger such in Eq. 1. In Fig. 3 , the decreasing trend of liquid film thickness was observed when methane was increased in C 1 -C 3 adjustment and ethane increment in C 2 -C 3 adjustment. It shows that the reduction of liquid film thickness leads to increment in heat transfer coefficient. One of possible explanation to this analysis is due to large heat resistance when liquid film thickness is higher thus reducing heat transfer coefficient value. Even though this analysis does not cover the whole composition adjustments, but this observation occurred in almost composition adjustment thus justifying the result obtained.
Result and Discussion
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Conclusion
Based on result obtained, the composition adjustment of methane-propane (C 1 -C 3 ) gives the highest value of heat transfer coefficient for both gas flow and liquid falling film flow when methane was increased. This step was taken based on correlations proposed by Neeraas et al. which was previously verified against the experimental result. The next step will be on implementing this approach in the actual process condition, in this case through the simulated LNG process using Aspen HYSYS v7.2. This is mainly due to the availability of the LNG process simulation in Aspen HYSYS platform from the previous research work.
